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@ Disclosed are stabilized aqueous preparations 
containing an antidepressant in admixture with a 
stabilizing compound such as L-methionine, D- 
methionine, DL-methionine, or mixtures thereof. The 
stabilized preparations display better stability when 
exposed to light, relatively high temperatures, time, 
and peroxides resulting in longer shelf-lives. An- 
tidepressants which are stabilized include mir- 
tazapine, mianserin, septiline, and amforiptyline. 
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STABILIZED SOLUTIONS OF PSYCHOTROPIC AGENTS 



Background of the Invention 

Field. This Invention relates to pharmaceutical 
compositions generally, and to stabilized aqueous 
solutions of certain antidepressant drugs specifi- 
cally* 

State of the Art Solutions of certain antidepres- 
sants (e.gTanutripryline) are not very stable. They 
discolor, form particles, and/or suffer a decrease in 
concentration under certain conditions. For exam- 
ple, they may discolor or show a decrease In 
concentration upon exposure to tight; upon the 
formation of peroxides in, or addition of peroxides 
to, the solutions; or when such solutions are stored 
at elevated temperatures. Particles may also form 
in such solutions under these conditions. Discolor- 
ation, development of opalescence, a decrease in 
concentration, and particle formation are all tokens 
of instability. These tokens of instability may occur 
rather rapidly, sometimes within days, forcing the 
dispensing pharmacist to mix new solutions fre- 
quently. 

An attempt to stabilize dry pharmaceutical 
preparations containing amitriptyline oxide 
dihydrate is described in German Patent Applica- 
tion DE 3247676 A1. published on 28 June '84 
(corresponding to U.S. Patent No. 4,567,202). That 
patent application describes a composition contain- 
ing amitriptyline oxide dihydrate and an organic 
acid including certain listed amino acids. The or- 
ganic acid, especially citric acid, is used to sta- 
bilize the amitriptyline. 

GB 2.082.91 OA to Berk Pharmaceuticals Ltd. 
(published on 17 March 1982) describes a phar- 
maceutical composition (e.g. a syrup) comprising 
amitriptyline and L-tryptophan In an inert carrier. 
The L-tryptophan reportedly acts to reduce side- 
effects associated with the amhriptyline. 

EP 93.373A (corresponding to U.S. Patent No. 
4,603.131) to Abbott Laboratories describes a liquid 
pharmaceutical composition useful for preventing 
irritation of the nasal mucousai membrane. The 
composition contains a tri-cyclic antidepressant, 
certain buffers, and "preservatives". The preserva- 
tives listed include: benzalkonium chloride, edetate 
di sodium, sodium bisulfate, phenylmercuric ace- 
tate, cetylpyridinium chloride. thimerosal, 
chlorobutamol, cetyttrimethyl ammonium bromide, 
methylparaben, propylparaben, and butylparaben. 

Summary of the Invention 

Generally, the invention includes a stable aque- 
ous preparation of a nitrogen containing 
heterocyclic compound in admixture with water and 



methionine (e.g. L-methionine ("L-MET*)). The 
heterocyclic compound will generally be a tricyclic 
or tetracyclic anti-depressant compound containing 
aromatic and non-aromatic rings. The particular 

s heterocyclic compounds will be at least partially 
capable of stabilization by the particular stabilizer 
in aqueous systems. The preparation will contain a 
sufficient amount of stabilizer to stabilize the 
heterocyclic compound in aqueous solution for a 

10 desired time at a desired temperature. 

Description of the Preferred Embodiments 

Preferred heterocyclic compounds include mlr- 

15 tazapine (EXAMPLE 1), mianserin (EXAMPLE II), 
amitriptyline HCI (EXAMPLE III), setipiline or 
"setiptilinum" (EXAMPLE IV), derivatives thereof, 
acid addition salts thereof, and mixtures thereof. 
These compounds are known antidepressant 

20 ("thymoleptic") compounds. 

The heterocyclic compound ("heterocyde") 
used will be present in the aqueous preparations in 
sufficient concentrations to be therapeutically use- 
ful, either parenterally or orally, in the volume of 

25 aqueous preparation contemplated for use. As used 
herein, an aqueous preparation is a preparation 
containing water as a primary, but not necessarily 
the only, solvent. Useful doses for the heterocyclic 
compounds are well-known to medical practition- 

30 ers. For example, 20 milliliters (ml) of an oral 
solution containing 5 m il lig rams/mi I lllrter (mg/rnl) of 
amitriptyline hydrochloride administered at bedtime 
may be sufficient to treat someone suffering from 
depression. 

35 Especially preferred heterocyclic compounds 
for use with the stabilizer L-MET are mirtazapine 
and mianserin, due to these compounds' ability to 
be stabilized with that stabilizer. 

Acid addition salts of the heterocycles are pref- 

40 erably used in the aqueous preparations mainly 
due to solubility considerations. Pharmacologically 
acceptable salts are preferably formed from a phar- 
macologically acceptable organic or inorganic acid 
such as hydrochloric, hydrobromic, fumaric ascor- 

46 bic. tartaric, citric, lactic, maleic, palmitic, or other 
known acids. The hydrocloride salt is especially 
prefered. 

As used h rein, "stabilize" is a relative term. 
To stabilize with a stabilizing agent or compound 
so means the ability to prevent or d lay the onset of 
tokens of instability. For example, a solution would 
be deemed "stabilized" if, with the addition of a 
stabilizing compound ("stabilizer"), it took longer 
(e.g. 2 weeks instead of 1 week) to discolor in the 
presence of a d stabilizing stimulus (e.g. storage of 
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the solution at an elevated (40* C) temperature). 

Preferred stabilizers for use with th particular 
h terocylclic compounds ar L-methionine, D- 
methionine, DL-methionine, and mixtures thereof. 
Primarily due to its relatively low toxicity in man, L- 
MET is especially preferred. 

The concentration of stabilizer in solution will 
generally vary with the amount of time the solution 
is to be stabilized. For example, L-MET will gen- 
erally be present in concentrations varying from 
about 0.05 mg/ml of solution to about 5 mg/ml. A 
concentration of 0.05 mg/ml is sufficient to an 
aqueous solution of mirtazapine at 60 "c in the 
dark for a few days, which may be sufficient for 
use in a hospital which compounds parenteral ad- 
mixtures of the compound at or near the time of 
administration. A concentration of 0.1 mg/ml of L- 
MET is sufficient to stabilize a solution of mir- 
tazapine at 60* C in the dark for a little over one 
week. 0.25 mg/ ml of L-MET is sufficient to sta- 
bilize a solution of mirtazapine for 2 weeks at 60* C 
in the dark. While, 0.5 mg/ml of L-MET is sufficient 
to stabilize a solution of mirtazapine for at least 4 
weeks at 60 * C. and for 6 months at 40* C (106* F) 
in the dark and for 12 months at 30* C. At the 
same time, 0.5 mg/ml of L-MET stabilizes an aque- 
ous solution of amitriptyline HCI for only a little 
over one week In the presence of daylight. Further- 
more, L-MET does not appear to stabilize the light 
induced degradation of another antidepressant 
compound, imipramine HCI, at least at the con- 
centrations used. 

Concentrations of D-methionine and DL- 
methlonine will be similar to those of L-MET. The 
addition of a non-reducing sugar, such as sucrose, 
to the preparations may be useful in oral formula- 
tions to improve the flavor of the formulation. Su- 
gars such as glucose or invert sugar should be 
avoided. 

Methods for making aqueous formulations are 
well-known. Methods for making oral solutions, 
emulsions, and suspensions are described in 
Chase, et al, Remington's Pharmaceutical Sci- 
ences, pp. 1436-1462 (16th ed. 1980, Mack Publ. 
Co. of Easton, PA, U.S.A.). Methods for making 
parenteral preparations and intravenous admixtures 
are disclosed in the same reference at pages 1463- 
1497. The aqueous pharmaceutical preparations 
are preferably buffered with citric acid. 

Once the liquid pharmaceutical preparation is 
made, it is preferably packaged in light-resistant 
containers and kept in the dark. 

The following examples further explain the in- 
vention: 

EXAMPLE I 

A. Stabilization of 1,2,3,4,1 0.1 4beta-h xahydro-2- 
m thylpyrazino "[2.1 -a] pyrido [2,3-c][2] ben- 



zazepine with L-MET. 



1 ,2,3,4,10,14beta-hexahydro-2-m thylpyrazino 
[2.1 -a] pyrido [2,3-c][2] ("mirtazapine") and similar 

5 compounds may be prepared as disclosed in Unit- 
ed States Patent No. 4,062,848 to van der Burg, 
the contents of which are incorporated by this 
reference. Aqueous solutions containing 3 mg/ml of 
the described anti-depressant compound (1.1 mil- 

jo limolar) were prepared. The solutions were buffered 
with citric acid to pH 4. The solutions further con- 
tained sufficient NaCI to make them isoosmotic 
with blood. 

1. Two weeks at 60* C in the dark-Solutions of 
76 the described antidepressant compound also 

containing 0.25 mg/ml L-MET exhibited no dis- 
coloration (<B9 expressed in Pharmacopoeia 
Eur. standards) after storage for two weeks at 
60* C in the dark. In contrast, solutions of the 
20 described compound without the addition of L- 
MET displayed significant discoloration (B6) un- 
der identical conditions. 

2. Six months at 40* C in the dark-Solutions of 
the - described 'antidepressant compound also 

25 containing 0.50 mg/ml L-MET were physically 
and chemically stable after storage for 6 months 
at up to 40 * C in the dark. In contrast solutions 
of the described compound without the addition 
of L-MET after 6 months at 30* C and 40* C 

30 displayed severe discoloration (BY5-6 and BY1- 
3 respectively), and some diminishment of con- 
centration when stored at 40* C in the dark. 

3. 12 months at 40* C in the dark-Solutions 
containing mirtazapine (3 mg/ml) were stabilized 

35 for 1 year at 40* C in the dark, with 0.5 mg/ml of 
L-MET, while, as described in EXAMPLE I A.2.. 
samples without the stabilizer displayed severe 
discoloration and diminishment of concentration 
after 6 months. 

40 4. Destabilization with hydrogen peroxide at 
60 C in the dark-TFml of 0.001% hydrogen 
peroxide was added to two solutions of 3.0 
mg/ml mirtazapine, one containing L-Met (0.5 
mg/ml) and the other not. After one week, the 

45 solution not containing L-MET was significantly 
discolored (BY1), while the one containing L- 
MET was less so (B6). After 2 weeks, the results 
remained unchanged. 

L-MET, at the concentrations tested, was urt- 
50 able to stabilize a solution of mirtazapine in day- 
light Therefore, mirtazapine in solution should be 
protected from light, even if L-MET has been ad- 
ded. 

55 EXAMPLE II 

Stabilization of 1 ,2,3,4,1 0,1 4l>hexahydro-2-methy I- 
dibenzo[c,f] pyrazino [1 ,2-al- 

azepinemonohydrochloride! 
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1 ,2,3.4,1 0,1 4b-hexahydro-2«methykJiben2o 
[c.flpyrazino [1 ,2-a] azepinemonohydroctiloride 
(mianserin) is a compound described in United 
States Patent No. 3.534,041 to van der Burg, the 
contents of which are incorporated by this refer- 
ence. Mianserin and similar compounds may be 
made according to the teachings of these patents. 

Solutions of 3.0 mg/ml mianserin were pre- 
pared. The pHs of the solutions were adjusted to 4, 
and the solutions were sterilized by filtration 
through a 0.22 micron filter. Aseptic techniques 
were used throughout the experiments. To one of 
the solutions, sufficient L-MET was added to bring 
the concentration of L-MET to 0.5 mg/ml of solu- 
tion. The samples were stored at 60* C in the dark, 
and at room temperature in daylight 

The sample without L-MET stored at 60 # C 
discolored (BY3) within 1 week's time. Both sam- 
ples stored in daylight discolored, although the 
sample without added L-MET was more discolored 
(B4) than the sample with L-MET (B7). The other 
sample remained stable during the first week. After 
2 weeks time, all samples discolored, although the 
samples without L-MET discolored more (>BY1 @ 
60* C and B2 with daylight) than the samples con- 
taining L-MET (B8 @ 60* C and B5 with daylight). 

EXAMPLE 111 

Stabilization of amitriptyline HC1 with L-methionine 



Amitriptyline HCl is readily commercially avail- 
able from various companies including Merck, 
Sharpe & Oohme. Solutions containing 3.14 mg/ ml 
of amitriptyline HCl were prepared. As with the 
other EXAMPLES tested for two weeks, the pH of 
the solutions were adjusted to 4 with a citrate 
buffer, and the solutions were sterilized by filtration 
through a 0.22 micron fitter. Aseptic techniques 
were used throughout the experiments. To one of 
the solutions, sufficient L-MET was added to bring 
the concentration of L-MET to 0.5 mg/ml of solu- 
tion. The samples were stored at 60* C in the dark, 
and at room temperature in daylight The sample 
containing L-MET displayed better clarity than the 
sample not containing L-MET when exposed to 
daylight ("clear" vs. many particles present respec- 
tively) over one week's time. After two weeks time, 
the sample containing L-MET also had many par- 
ticles present All solutions of amitriptyline HCl 
stored at 60* C in the dark displayed clarity and no 
discoloration. 

EXAMPLE IV 

Stabilization of 2(N)-methyH ,2,3,4-t trahydro-9H- 
dibenzofo ]pyridino[3 t 4"c]cycloheptatriene maleate 
(setiptilin ) with L-methionine 
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Solutions containing 3.77 mg/ ml of setipiline 
(Chemical Abstracts Service registry number 
57262-94-9) maleate were prepared. The pHs of 
the solutions were adjusted to 4, and the solutions 

5 were sterilized by filtration through a 0.22 micron 
filter. Aseptic techniques were used throughout the 
experiments. To one of the solutions, sufficient L- 
MET was added to bring the concentration of L- 
MET to 0.5 mg/ml of solution. The samples were 

io stored at 60* C in the dark, and at room tempera- 
ture in daylight All samples remained stable after 
one week's time. After two weeks time, the sample 
without L-MET which was exposed to daylight was 
no longer clear and contained many particles, while 

is the sample containing L-MET remained clear. AJI 
solutions containing setipiline maleate stored at 
60* C in the dark remained clear and exhibited no 
discoloration. 

20 EXAMPLES V-VIII 

Attempts were made to use L-cysteine - 0.587 
mg/ml (EXAMPLE V). 1 ,4-dithioerythitol - 0.527 
mg/ml (EXAMPLE VI), L-tryptophan - 0.685 mg/ml 

25 (EXAMPLE VII). and cystine - 0.807 mg/ml 
(EXAMPLE VIII) as stabilizers for mirtazapine by 
substituting these particular compounds, one at a 
time* for L-MET, and testing the solutions for clarity 
and discoloration after storage in daylight and at 

30 60* C in the dark. The solutions with these com- 
pounds showed more discoloration than those 
which contained none of the compound. 

EXAMPLES IX-XVI 

36 

In a similar manner as described in EXAM- 
PLES I-1V, preparations of mirtazapine mianserin, 
amitriptyline. or setiptiline may be stabilized with 

0. 5 mg/ml solutions of D-methionine or DL- 
40 methionine. 

Reference herein to specific embodiments or 
examples should not be interpreted as limitations 
to the scope of the invention, which is defined by 
the appended claims. 

46 

Claims 

1, A stable aqueous preparation comprising- a 
so stabilizer selected from the group consisting of 

L-methionine, D-methionine, DL-methionine 
and mixtures thereof, said stabilizer being in 
admixture with water and further in admixture 
with a therapeutically useful concentration of a 
55 tricyclic or tetracyclic, nitrogen het rocycl ca- 
pable of stabilization by the selected stabilizer 
at the selected stabilizer's concentration in wa- 
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2. The slabt aqueous preparation of claim 1 
wh rein th tricyclic or tetracyclic, nitrogen 
h terocycl is mianserin present in quantities 
of about 1 to about 5 milligrams per milliliter of 
admixture. 

3. The stable aqueous preparation of claim 1 
wherein the tricyclic or tetracyclic nitrogen 
heterocycle is mirtazapine or a pharmaceuti- 
caity acceptable acid addition salt thereof, or a 
pharmaceutically acceptable quaternary am- 
monium salt thereof, present in quantities of 
about 1 to about 5 milligrams per milliliter of 
admixture. 

4. The stable aqueous preparation of claim 1 
wherein said stabilizer is an isomer or racemic 
mixture of methionine, and said tricyclic or 
tetracyclic nitrogen heterocycle is selected 
from the group consisting of mirtazapine, mian- 
serin, amitrlptyllne, setiptiline, and mixtures 
thereof. 



10 



10. A process of manufacturing a stabilized aque- 
ous pharmaceutical preparation comprising: 
dissolving (a) a stabilizer selected from the 
group consisting of L-methionine, DL- 
methionine, D-methionine, and mixtures thereof 
and (b) a pharmaceutical compound selected 
from the group consisting of mirtazapine, mian- 
serin, setiptiline, amitriptyline, mixtures thereof 
and acid additions salts thereof into (c) an 
aqueous solvent to form said stabilized aque- 
ous pharmaceutical preparation. 
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5. The stable aqueous preparation of claim 4 
wherein said tricyclic or tetracyclic nitrogen 25 
heterocycle is mirtazapine. 

6. A method of stabilizing an aqueous admixture 
of a heterocycle selected from the group con- 
sisting of mirtazapine, mianserin, setiptiline, 30 
amitriptyline, and mixtures thereof, comprising: 
dissolving into said aqueous admixture a suffi- 
cient amount of L-methionine, D-methionine, 
DL-methionine, or mixtures thereof for stabiliz- 
ing the heterocycle to stabilize the heterocycle 35 
in aqueous solution. 

7. A stabilized aqueous solution comprising, in 
admixture, a heterocycle selected from the 
group consisting of mirtazapine, mianserin, 40 
setiptiline, amitriptyline, and mixtures thereof in 

an amount of about 1 to about 5 milligrams per 
milliliter of aqueous solution, and a sufficient 
amount of L-methionine, D-methionine, DL- 
methionine or mixtures thereof to stabilize said 45 
heterocycle in aqueous solution. 



8. The stabilized aqueous solution of claim 7 
wherein the heterocycle is mirtazapine and the 
chemical means for stabilizing the mirtazapine 
is L-methionine, D-methionine, DL-methionine, 
or mixtures thereof present in an amount of 
about 0.05 to about 5 milligrams per milliliter 
aqueous solution. 

9. Th stabilized aqueous solution of claim 8 
wherein the chemical m ans for stabilizing the 
mirtazapine is DL-methionine or L-methionine. 
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